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, the concentration balance equations are
where λ nsr , λ jsr , and λ ds are the fraction of myoplasmic volume for the NSR, JSR, and dyadic subspace, respectively. β ds and β nsr are constant fraction buffering constants for the dyadic subspace and NSR, respectively. β i jsr and β myo are dynamic buffering fractions for the JSR and myoplasm, respectively (see Supporting Material). The superscript i in Eqs. S3 and S4 denotes the i-th subspace (1 ≤ i ≤ N). The flux through the RyR cluster associated with the i-th CRU is given by (see Eq. S23). The total Ca 2+ flux from the NSR to JSR compartments and the total Ca 2+ flux from the dyadic subspaces to the bulk myoplasm are given by J T refill and J T efflux , respectively.
Allosteric Coupling Formulation
Combining 49 identical two-state RyRs into a cluster and assuming they are instantaneously coupled via [Ca 2+ ] ds yields a M = 50 state release site where each state indicates the number of open RyRs (N o ) for the CRU (0 ≤ N o ≤ 49) as shown in Fig. 1C where terms on the arrows are transition rates. In these rate terms, χ oc and χ co represent "mean-field" allosteric coupling factors (18) given by
where a * represents the average allosteric connectivity (based on a 7 × 7 grid with nearest neighbor coupling), ε cc is a dimensionless free energy of interaction (units of k B T) that specifies the change in free energy experienced by a channel in state C when allosterically coupled to another channel in state C, and similarly for ε oo . The coefficients N c (number of closed RyRs) and N o serve to partition allosteric coupling between the forward and reverse transitions.
Bulk Calcium Fluxes
The whole cell model of CICR that is the focus of this paper includes several fluxes that directly influence the dynamics of the bulk myoplasmic and NSR [Ca 2+ ] (see Eqs. S1 and S2) which, for brevity, are described below rather than in the text.
Sarcoplasmic/Endoplasmic Reticulum Ca 2+ -ATPase The sarcoplasmic/endoplasmic reticulum Ca 2+ -ATPase (SERCA) consumes ATP to pump Ca 2+ into the SR from the myoplasm. Tran and co-workers (21) developed a thermodynamically realistic formulation of the SERCA pump along with a simplified "two-state" formulation that is implemented here. The SERCA pump flux takes the form, Table  S3 .
Plasma Membrane Ca 2+
-ATPase In addition to NCX the sarcolemma extrudes Ca 2+ from the cell via a plasma membrane Ca 2+ -ATPase flux (PMCA) of the form
whereĪ pmca is the maximal PMCA current.
Sarcolemmal Background Ca 2+ Leak The sarcolemma includes a constant background Ca 2+ influx which balances J pmca and J ncx given by
where g bca is the maximal conductance and E ca is the reversal potential for Ca 2+ ,
Total JSR refill and dyadic subspace efflux terms The total refill flux from the NSR to each JSR compartment includes the contribution from each CRU and is given by
and similarly, the total flux out of the N dyadic subspaces into the bulk myoplasm is given by
Non-junctional RyR Ca 2+ Channels The Ca 2+ flux from non-junctional or "rogue" RyR Ca 2+ flux is 
Dynamic Buffering Fractions

Myoplasmic Buffering
Buffering in the myoplasm is approximated using a dynamic buffering fraction given by
where B T myo is the total myoplasmic buffer concentration, K myo m is the half saturation constant for the myoplasmic buffer.
Junctional SR Buffering
Buffering in each JSR compartment is approximated using a dynamic buffering fraction given by
where B T jsr is the total JSR buffer concentration, K jsr m is the half saturation constant for the JSR buffer. 
Fast Subspace
where 1 ≤ i ≤ N and v efflux = v T efflux /N. 
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